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Abstract
CO2 absorption with reversible chemical reaction using aqueous amine solution is currently the most appropriate
method for low pressure CO2 source like a coal fired power plant. Solvents have been used extensively for the
removal of CO2 from natural gas and flue gas via chemical absorption. Among the industrially utilized solvents, 
alkanolamines are the most widely used for CO2 absorption because of the properties toward CO2 capture such as 
high absorption capacity, fast reaction kinetics, and high solubility. However, a major problem associated with the
chemical absorption is solvent degradation.
We examined the oxidative degradation of alkanolamines such as MEA, DEA, AMP, and MDEA. The oxidative
degradation rate of the amines was in the order MEA > DEA > AMP = MDEA. The effect of oxidation inhibitors, 
EDTA and DTPMP, on the oxidative degradation of MEA was investigated and the products of oxidative degradation
of MEA were analyzed. The oxidation inhibitors prevented the oxidative degradation of MEA and the extent of 
prevention was in the order EDTA > DTPMP. Among the products of the oxidative degradation of MEA in the
oxidation condition, formate and acetate were the dominant degradation products, and EDTA and DTPMP decreased 
the products of oxidative degradation. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of GHGT
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1. Introduction
The reduction of carbon dioxide is one of the most important issues in the world. Alkanolamines have
been used extensively for the removal of CO2 from natural gas and flue gas via chemical absorption [1].
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Among the industrially utilized alkanolamines, monoethanolamine (MEA) is the most widely used for 
CO2 absorption because of its properties of CO2 capture, such as a high absorption capacity, fast reaction 
kinetics, and high solubility[2].  
However, a major problem associated with the chemical absorption is solvent degradation. The 
degradation of MEA occurs by oxidation and heating. Oxidative degradation is significant in flue gas 
which contains about 5% O2. Oxidative degradation is quite important because it can impact the 
environment and process economics, and decrease equipment life due to corrosion [3, 4]. 
The research on oxidative degradation of MEA has focused on the elucidation of the mechanism for 
MEA oxidation, oxidation inhibitors, identification of degradation products, and their effects on corrosion 
and the formation of heat stable salts.  
In this study, we examined the oxidative degradation of alkanolamines such as MEA, DEA, AMP and 
MDEA according to the oxidation inhibitors. The results were compared with the oxidation of 
alkanolamines without inhibitors. 
 
Nomenclature 
 C  remaining concentration                [wt%]  
Co initial concentration                 [wt%] 
 relative concentration    [%] 
 
2. Experimental 
2.1. Solution preparation 
The MEA, DEA, AMP, and MDEA used in the present study were obtained from Sigma-Aldrich 
Chemical Co. with a mass purity of > 99+% and were used without further purification. The aqueous 
solutions were prepared by diluting the concentrated amines with distilled water. The concentration of 
amines was 30 wt%. The aqueous amine solutions have 260 ppm Fe. The inhibitors, EDTA, and DTPMP 
were purchased from Sigma-Aldrich Chemical Co. The concentration of the oxidation inhibitors in the 
MEA solution was 5 mM respectively. The inhibitors were injected directly into the reactors as aqueous 
solution. 
2.2. Oxidative degradation test 
The experiments of oxidative degradation were performed in a sparged reactor (Fig. 1) with 100 mL/min 
of a 98% O2/2% CO2 gas mixture fed into the reactor headspace. The above reaction gas was initially 
bubbled through a water reservoir to presaturate the gas with water and minimize evaporative water losses 
from the solution. The 600-mL sparged reactor filled with 350 mL of solution and the water reservoir 
were in a water bath controlled at 60 C. An excess of O2 (98%) in the gas mixture was used to ensure 
that the maximum amount of oxygen was absorbed into the amine solutions and to perform accelerated 
oxidative degradation experiments.  
The oxidative degradation experiments were performed over a period of 1,400 h. The liquid samples 
were analyzed for the concentration of the solvents and the concentration of degradation products. The 
relative concentration  (%) was calculated using the following equation: 
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Fig. 1 Experimental apparatus for oxidative degradation 
 
o×100                                                                  (1) 
 
where  C is the remaining concentration of MEA and Co is the initial concentration of MEA 
2.3. Analysis 
Analysis of the remaining amount of starting solvents was carried out using a gas chromatograph 
(Agilent model HP 7890A) with FID. A packed column (Tenax TA) was used in the GC for separation of 
the components. Sample injection was used to automatically introduce samples into the GC column to 
give better reproducibility. A 10- L syringe with an injection volume of 0.2 L was used. 
Ion chromatograph (IC) was used to determine the products of the oxidative and thermal degradation of 
MEA. The solution samples were diluted with distilled water for the determination of glycolate, formate, 
acetate, oxalate, nitrite, and nitrate ions. A 20-  portion of the solution was injected twice on a Metrohm 
385 Professional ion chromatograph. The separator column was Metrosep Supp 7-250. The eluent was an 
aqueous Na2CO3 solution with a concentration gradient (from 0.9 mM to 60 mM) at a flow 0.7 mL/min. 
A 60 min run time permitted an optimal separation and quantification. 
3. Results 
3.1. Oxidative degradation of amine solutions 
The oxidative degradation of alkanolamines such as MEA, DEA, AMP, and MDEA were tested. First, 
the oxidative degradation of the 30 wt% MEA solution was measured at normal absorber operating 
conditions (60 oC) with 98% O2/2% CO2. The degradation of the MEA solutions was tracked during the 
course of experiments ranging up to 60 days (1,400 h). The concentration profiles for MEA solutions are 
shown in Fig. 2. Over the 1,400 h, the relative concentration of MEA solution decreased by 53.5%. 
Second, the oxidative degradation of the 30 wt% DEA solution was measured at the same condition of 
MEA degradation test and compared with MEA solution. The relative concentration of DEA was 71.5% 
and it was 18.0% lower than that of MEA solution (Fig. 3). Third, the oxidative degradation of the 30 wt% 
AMP solution was also measured and compared with MEA solution. The relative concentration of AMP 
was 99.7% and it was 46.2% lower than that of MEA solution (Fig. 4). Last, the oxidative degradation of 
the 30 wt% MDEA solution was also measured at the same condition of MEA degradation test and 
compared with MEA solution. The relative concentration of MDEA was 96.0% and it was 42.5% lower 
than that of MEA solution (Fig. 5). 
The oxidative degradation rate of the amines was in the order MEA > DEA > MDEA = AMP. 
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 Fig. 2 Relative concentration of MEA solution 
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Fig. 5 Relative concentration of MDEA solution
 
The degradation products of the MEA solutions were identified with IC after the oxidative degradation 
test for 1,400 h. The amount of degradation products, such as glycolate, acetate, formate, oxalate, nitrite, 
and nitrate, in the MEA solution are shown in Fig. 6. Among the carboxylic acids, formate (6804 ppm) 
and acetate (16165 ppm) were the dominant degradation products. Nitrites was also present in large 
amounts ( > 930 ppm). This result seems to indicate that an N-O band forming reaction takes place in this 
condition. The degradation products of the DEA, AMP, and MDEA solutions were also identified(Fig. 6).  
This result is consistent with the result of the oxidative degradation of the solutions. The quantity of the 
degradation products was in the order of MEA > DEA> MDEA = AMP (Fig. 6). 
3.2. Oxidative degradation of MEA solution with and without inhibitors 
The effect of the inhibitors on oxidative degradation of MEA solutions was tested. First, the oxidative 
degradation of the 30 wt% MEA solutions with and without inhibitors was measured at normal absorber 
operating conditions (60 oC) with 98% O2/2% CO2. The degradation of the MEA solutions was tracked 
during the course of experiments ranging up to 60 days (1,400 h).  
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Fig. 6 Products of oxidative degradation in alkanolamine solutions
 
The inhibitors, EDTA, and DTPMP were injected directly into the reactors as aqueous solution. The 
concentration of the oxidation inhibitors in the MEA solution was 5 mM respectively. The concentration 
profiles for MEA solutions with and without inhititors are shown in Fig. 7 and Fig. 8. 
Since EDTA chemically bonds with dissolved metals such as Fe and Cu, which catalyzed the oxidation, 
it prevents the oxidative degradation of MEA. Therefore, the relative concentration of MEA in the 
presence of EDTA was 30.1% lower than that of MEA without inhibitors (Fig. 7). 
DTPMP also chelate type inhibitor, so it chemically bonds with dissolved metals, which catalyzed the 
oxidation, it prevents the oxidative degradation of MEA. Therefore, the relative concentration of MEA in 
the presence of DTPMP was 30.1% lower than that of MEA without inhibitors (Fig. 8).
The amounts of degradation products in MEA solution with EDTA were much less than MEA without 
EDTA (Fig. 9). This result is consistent with the result of the oxidative degradation of MEA solutions 
with and without EDTA (Fig. 7).  
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Fig. 7 Relative concentration of MEA solution 
          With EDTA 
Fig. 8 Relative concentration of MEA solution 
          With DTPMP 
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Fig. 9 Products of oxidative degradation in MEA solutions with and without inhibitors 
 
The amounts of degradation products in MEA solution with EDTA were much less than MEA without 
DTPMP (Fig. 9). This result is consistent with the result of the oxidative degradation of MEA solutions 
with and without DTPMP (Fig. 8). The oxidation inhibitors prevented the oxidative degradation of MEA 
and the extent of prevention was in the order EDTA > DTPMP 
4. Conclusion 
We examined the oxidative degradation of alkanolamines such as MEA, DEA, AMP, and MDEA. The 
oxidative degradation rate of the amines was in the order MEA > DEA > AMP = MDEA. The effect of 
oxidation inhibitors, EDTA and DTPMP, on the oxidative degradation of MEA was investigated and the 
products of oxidative degradation of MEA were analyzed. The oxidation inhibitors prevented the 
oxidative degradation of MEA and the extent of prevention was in the order EDTA > DTPMP. Among the 
products of the oxidative degradation of MEA in the oxidation condition, formate and acetate were the 
dominant degradation products, and EDTA and DTPMP decreased the products of oxidative degradation. 
Acknowledgements 
This work was supported by the Power Generation & Electricity Delivery of the Korea Institute of Energy 
Technology Evaluation and Planning (KETEP) grant funded by the Korea government Ministry of Knowledge 
Economy (No. 2009101010006B). 
References 
[1] Kohl, A. L. and Nielsen, R. B.  Gas Purification, 5th ed., Gulf Publishing Co., Houston, U.S.A.; 1997. 
[2] Davidson, R. M.; Post Combustion Carbon Capture from Coal Fired Plants: Solvent Scrubbing,  IEA GHG 
Report CCC/125, London, U.K.; 2007 
[3] Rooney P. C., Bacon T. R. and DuPart M. S. Effect of Heat Stable Salts on MDEA Solution Corrosivity,   
HYDROCARBON PROCESS., March, 1996, p. 95-103. 
[4] Rochelle, G. T., Bishnoi S., Chi S., Dang H. and Santos J. CO2 Capture from Flue Gas by Aqueous  
Absorption/Stripping,  Final report for P.O.No. DE-AF26-99FT01029: DOE, Pittsburgh, U.S.A.; 2001. 
